Abstract. A theoretical equation is presented for the control of cooperative adsorption on proteins and other linear macromolecules by hormones, drugs, ATP, and other "cardinal adsorbents." With reasonable accuracy, this equation describes quantitatively the control of oxygen binding to hemoglobin by 2,3-diphosphoglycerate and by inosine hexaphosphate.
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To function as a coherent unit, a living cell must possess the means for longrange information and energy transfer. A theory for these fundamental processes was presented in 1962 as part of a general theory of the living state called the association-induction hypothesis.1l-3
The key mechanism involves three postulates: (i) various solutes and the bulk of cell water are adsorbed on cellular proteins; (ii) this adsorption is not random but is synchronized as a result of interaction among neighboring adsorption sites (i.e., the adsorption is auto-cooperative); and (iii) these .g., H20 ), but is a constant and thus included in the apparent association constant 5C. K(U00)c is the intrinsic equilibrium constant of the ith to jth exchange in a gang with its cardinal site occupied by the cardinal adsorbent C; K(j,2)o is that in which the cardinal site is not so occupied. Similarly, -('Y,/2) and -(yo/2) refer, respectively, to the nearest-neighbor interaction energy for the gang controlled by cardinal absorbent and the gang not under the control of the cardinal adsorbent. [C lad is as described by Eq. 4. In the case where there is no interaction among the cardinal sites themselves (as in Fig. 1A ), -(1/2) is zero; in the case when there is cooperative interaction among the cardinal sites (as in Fig. 1B) , -(r/2) is greater or smaller than zero (auto-cooperative or heterocooperative, respectively).
The recent experimental3" 14 demonstration of the control of the cooperative binding of oxygen by ATP and other phosphates has great significance. Since hemoglobin has no ATPase activity, the data show unequivocally that ATP and other phosphates per se (and not their hydrolysis) can control the cooperative adsorption. Such a control of adsorption of K+ ion in muscle cells by ATP as a cardinal adsorbent has been suggested since 19511' and has remained one of the main themes of the association-induction hypothesis.'-3-6
The data of Benesch & Benesch on oxygen binding by hemoglobin at 10'C has been replotted on a log-log scale for comparison with predictions of the association-induction hypothesis. Fig. 2 shows the effect of various concentrations of 2,3-diphosphoglycerate (2,3-DPG) on the oxygen binding; Fig. 3 In conclusion, we find that within the limits of reasonable accuracy the data for auto-cooperative oxygen-binding by hemoglobin, as well as its control by the adsorption of the cardinal adsorbents, 2,3-DPG and 1HP, can be described by Eqs. 1 and 6, respectively. 
